INTRODUCTION: Changes in dietary patterns and a decrease in physical activity have occurred in Western countries. These are factors in the variation in body composition observed in populations, characterized by a progressive accumulation of fat with age and a consequent increase in the risk of suffering from common chronic illnesses such as obesity, cardiovascular disease and cancer. OBJECTIVE: To investigate weight gain throughout the life-cycle and its relation to modi®cations in dietary patterns, analyzing the causes of these modi®cations and their implications for patterns of adult overweight and obesity. DESIGN: Cross-sectional sample of Spanish women from a socio-economically disadvantaged class. SUBJECTS: 1037 healthy perimenopausal women (age: 45 ± 65 y). MEASUREMENTS: Juvenile body mass index (BMI), current BMI, food frequency questionnaire, retrospective food habits. RESULTS AND CONCLUSIONS: Of these women, 48.8% had changed their dietary habits during their lifetime. A change in diet due to migration or marriage occurred at approximately 20 years of age and was characterized by an increased frequency of consumption of foods rich in protein and complex carbohydrates, while a change due to illness occurred at around 50 years of age and was characterized by a decrease in the consumption of these types of food. The change in dietary behavior due to migration was associated with weight gain. Weight gain was also inversely associated with BMI during youth; women who in their youth had a BMI`18.5 kgam 2 gained an average of 21.4 kg, compared with those with a BMI b 27 kgam 2 in their youth, who gained an average of 5.4 kg.
Introduction
In the last 50 y there have been great changes in the patterns of morbidity and mortality in industrialized societies. Of the environmental factors that have in¯uenced this change, nutritional factors are of particular importance. 1 ± 3 Numerous epidemiological studies have demonstrated the relation between diet and widely prevalent chronic illnesses in industrial societies, such as obesity, cardiovascular disease and cancer. 4 ± 8 Diet is also fundamental for proper infant growth and development, with all their consequences in adulthood and old age. 9, 10 In addition, there has been a decrease in physical activity in Western countries due to changes related to the processes of urbanization and industrialization. These additional factors need to be taken into account when considering the variation of body composition in such populations. This variation is characterized by a progressive increase in accumulated fat with age and a parallel increase in the risk of suffering the aforementioned diseases. 6, 11, 12 This change has been observed in migrants from the country to the town. Such movement substantially modi®es their physical activity 13, 14 and dietary habits. Additionally, some authors maintain that there is a relation between prolonged infant caloric de®ciency and diseases such as adult obesity due to the ®xation of metabolic pathways that are ef®cient in dietarily deprived conditions. Subsequent nutrient-rich conditions disrupt the established equilibrium. This could be one of the causes of the problems of overweight and metabolism seen in many rapidly urbanized populations. 15, 16 Cross-sectional questionnaires of a population can provide an instant picture of the nutritional circumstances of a community. This may aid the understanding of the main nutritional problems and the identi®cation of groups at risk of developing diseases related to such problems. 2,17 ± 19 The current study also gathers retrospective information. This is very useful for broadly identifying some aspects of the nutritional and environmental conditions in which these women developed. Anthropometric variables that can be used as indicators of obesity, overweight and underweight have the advantage of being easily and inexpensively measurable. They can also be employed to detect nutritional problems related to excesses or de®cien-cies in the diet, and other associated diseases. 15,19 ± 22 We set out to study weight gain throughout the lifecycle and its relation to modi®cations in dietary patterns. We analyze the causes of these modi®cations and their implications for patterns of adult overweight and obsesity in a sample of Spanish women from a socio-economically disadvantaged class.
Materials and methods
The study was carried out within the framework of an agreement between the Universidad Auto Ânoma de Madrid (UAM), the Hospital Cantoblanco de Madrid and the Ayuntamiento de Alcobendas, Madrid Province.
The sample examined here comprised all of the 1037 volunteer women between the ages of 45 and 65, resident in Alcobendas, who took part in a women's preventive health campaign, organized by the Concejalõ Âa de Salud del Ayuntamiento of Alcobendas, and a study concerning reproductive ageing, carried out by the Anthropology Unit of the UAM between 1995 and 1997.
Gynaecological examinations were conducted in the Hospital Cantoblanco by the health workers assigned to the project. In the same place, the team from the Anthropology Unit (UAM) completed:
1. A food frequency questionnaire (FFQ) that considered a total of 13 foodstuffs. 2. A questionnaire regarding past and present dietary habits and lifestyles. Information was sought concerning changes in food consumption (yesano), reasons for changes in food consumption, the age at which they took place and the characteristics of any changes in dietary behaviour (for example, whether a foodstuff was eaten as frequently or more or less frequently than before the change). 3. A series of anthropometric measurements, of which we concern ourselves here with weight and height at the time of the study and the weight at 18 ± 20 y. These were used to estimate the current and juvenile body mass index (BMI). Weight at 18 ± 20 y was taken to be that recalled by the subjects. Women's responses were clear and probably reliable as, for most of them, that was the age when they married and the ®rst time they had been weighed.
Weight gain since the age of 18 ± 20 y was also calculated as a dichotomous variable,`weight change', whose ®rst category corresponded to women who lost weight or maintained the same weight, and the second category corresponded to those who gained weight. In this article BMI is used as an indicator of fat accumulation on the basis of the close relation with fat accumulation in adult women that has been described by several authors. 23, 24 The index has been used as a continuous variable in some analyses and as an ordered categorical variable in others. In the latter case we have followed Garrow's 24 As an indicator of the nutritional conditions in women's youth the pre-reproductive BMI was calculated from their weight at age 18 ± 20 y and their height at the time of the study. For some analyses, these values were placed in ®ve ordered categories: BMI`18.5 kgam 2 ; BMI 18.5 ± 19.9 kgam 2 ; normal weight; and combined overweight and obese (classes are de®ned above). Overweight and obesity were combined due to their infrequency in the youth of these women. BMI was also calculated using armspan instead of height to avoid the problem of the effect of ageing on height.
Age was controlled for in all analyses, as it affects dietary behavior and body measurements. It also avoids the problem of taking into account the secular change in height that has occurred in Western populations. 25, 26 Analyses were carried out using the SPSS 7.5 statistics package. First of all the relationship between reasons for changing diet and dietary factors was examined graphically in multidimensional space by multiple correspondence analysis, using the SPSS procedure HOMALS (homogeneity analysis by means of alternating least squares; see the Appendix for a detailed explanation). ANOVA and logistic analyses were also carried out to examine these relationships in greater detail.
Results

Frequency of consumption of foodstuffs
The frequencies of consumption of the different foodstuffs are shown in Table 1 .
Changes in diet and reasons for the change
Responding to the question`Have you changed your eating habits at any time in your life?', 48.8% (n 504) of women replied af®rmatively (Table 2) . In response to the question`What was the reason for the change in your way of eating?', these women most frequently sited migration from their town of birth to Madrid, marriage, illness, menopause, weight gain, children's birth and children's habits. These are classi®ed here into three groups: (1) migration from their Lifetime dietary change and increase in weight P Montero et al town of birth to Madrid, or marriage; (2) illness (hypercholesterolemia, hypertension, hyperglycemia, etc.); (3) menopause, weight gain and other reasons (which have been combined for the purpose of analysis as they occurred at very similar ages and were related to increases in weight). Table 2 also illustrates the percentage of women who changed their diet for the reasons cited and the mean age at which it took place. Changes occurred signi®cantly earlier when they were due to migration from the country to the city, or marriage, than when they were the result of illness or other reasons. The manner in which the women's diet changed depended greatly on their reason for changing, giving rise to different behavior. A multiple correspondence analysis was carried out to gain an overall view of the relationships between the following variables: (1) dietary behavioral variables related to the manner of dietary modi®cation, the reason for the change, and its nature (whether women were consuming the following foodstuffs at a greater, lesser or equal frequency at the time of the study than before their diet changed: bread, potatoes, pasta, legumes, fruit and vegetables, meat, ®sh, eggs, milk, milk products, and cakes and buns); (2) juvenile and current BMI; (3) weight gain since youth. The results of this analysis are shown in Figure 1 . As can be seen in the graph, the change in diet due to migration or marriage is associated with an increase in the consumption of foods rich in protein and simple carbohydrates and a decline in that of foods rich in complex carbohydrates. Changes in diet due to illness, menopause and weight gain are associated with decreased consumption of foods rich in proteins, complex carbohydrates and fat and also with low juvenile BMI and modest weight gain.
Prevalence of overweight and obesity
Overweight and obesity, measured by BMI, were very widespread (57.6% of subjects; n 596) in the sample. The prevalence was much greater than that found in the Comunidad de Madrid 16 and in the rest of Spain (15.2% of women with BMI 30). However, this ®gure was only 6.5% when these women were young, when 27.8% (n 269) of the sample had had BMIs of less than 20 kgam 2 , and 9.2% (n 89) had had BMIs of less than 18.5 kgam 2 . Sixty-®ve percent of women had worked on the land when they were young, and 59.6% of the women whose BMI values had been less than 18.5 had been agricultural workers. Such low BMI values combined with strong physical activity can be considered to be indicative of mile chronic energy de®ciency. 27, 28 The mean current and youth BMI values are shown in Table 3 . Separate BMI values of women when they were young were calculated using height and armspan to investigate the effect of diminishing height with age. A t-test showed signi®cant differences between the two values, for which reason BMI in young women was subsequently calculated using the armspan. This is closely correlated with height at maturity and is a reliable alternative to height in the calculation of BMI. 29 ± 32 A high proportion of women were currently overweight or obese in all age groups, although the frequency of women of normal weight was greatest in the under-50 age group. Overweight increased slightly and obesity increased sharply after 50 years of age, the proportion of women older than 60 who were obese being twice that of those younger than 50 (44.4% and 22.3%, respectively). The incidence of youthful overweight and obesity was very low for all age groups.
Lifetime weight gain and its relation with juvenile BMI and changes in dietary habits
More than 93% of the women in the sample had gained weight since their youth. The highest 13 .87 kg, s.d. 9.6 kg; F 2.41, P 0.121), or when age groups were considered separately.
An analysis of variance (ANOVA) was carried out in which`weight gain' was taken as the dependent variable,`juvenile BMI' and`reason for changing eating habits' were independent variables, and`chronological age' was a covariable (Table 4 ). This clearly demonstrates that women with lower juvenile BMI put on the most weight, and that those who changed their dietary behavior due to migration from the country to the city or due to marriage experienced greater weight gain than those whose habits did not change.
Since the causes of weight gain are multifactorial, the in¯uence of all the variables considered in this study was evaluated by logistic regression on the dichotomous factor of`weight gain'. The variables included were: categorized values of juvenile BMI (three levels: 19.9, 20.0 ± 24.9, 25.0); occurrence of dietary change (two levels; yes, no); reason for change (three levels: migration and marriage, illness, other); and the continuous variables of age of change and age at the time of the study. Reason for change and juvenile BMI were included as categorical variables using the absence of change and overweight, respectively, as reference groups. The analysis reveals that juvenile BMI was the only variable associated with weight gain: women with lower juvenile BMIs were considerably more likely to gain weight than those with higher values (Table 5) . 
Discussion
The study deals with a sample of women on low incomes whose pattern of consumption of foodstuffs continues to be that typical of Mediterranean populations, 1, 16 despite having experienced changes in dietary patterns during their lives. These changes were due to two main causes: an improvement in economic conditions early on in their reproductive life, and the appearance of nutrition-related illnesses later on in life.
Changes following migration and marriage generally signify an improvement in living standards, at least from a nutritional point of view, since most were originally rural women who came to Madrid during a period of industrialization when either they or their husbands could work. Other behaviors, such as that occurring around menopause when the tendency to put on weight induces changes in dietary patterns (for example less fat is eaten), are consequences rather than causes of weight gain. Mean juvenile BMI values of women who changed their diet due to migration or marriage were not different from those of women who did not change (BMI 21.13 weight 18years aarmspan 2 and BMI 21.43 weight 18years aarmspan 2 , respectively). However, mean weight gain was greater in those women whose dietary behavior changed due to migration or marriage, although signi®cant differences are only apparent in women under 50, since from this age there is the additional effect of age on weight gain. These women's BMI values at the time of the study were very high due to the considerable weight increases (a mean of 14 kg) experienced since their youth. This lifetime weight gain was due not only to nutritional factors, but also to others related to patterns of reproduction and lactation. The observed phenomena may be explained in terms of the effect of environmental factors operating during their developmental and later years. The women originally came predominantly from rural populations (70.4%), where they worked on the land from an early age (65% agricultural workers), and lived through a time of dietary de®ciencies as a consequence of the Spanish Civil War (1936 ± 1939) and its aftermath. 2 Around the age of 20 they migrated in search of better living conditions and changed the quantity and quality of their diet by incorporating foodstuffs rich in protein and simple carbohydrates that they had not previously consumed with such frequency. 33 As a result of ceasing to work on the land, their physical activity was greatly reduced.
The change in dietary behavior due to migration or marriage clearly in¯uenced the large increases in weight seen in this sample. However, it was also in¯uenced by juvenile BMI. Women whose mean juvenile BMI values were lower experienced a greater mean weight gain. Although the change in eating habits and the reduction of physical activity may be suf®cient to explain the great weight increase observed in these women throughout their lives, it is still noteworthy that this increase is particularly pronounced in those women who were very thin in their youth. These results are consistent with the hypothesis of Ulijaszek 34, 35 concerning the ®xation of ef®cient metabolic pathways during the primary stages of development under conditions of prolonged caloric scarcity. The subsequent disruption of these metabolic processes under conditions of abundant energy, and the decline in physical activity, would account for the considerable weight gain experienced by women in this sample, especially those who had very low juvenile BMI values.
